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Abstract: In order to treat sewage sludge pyrolysis liquid (SS-PL) and recover its energy, the anaerobic digestion of
SS-PL produced in the temperature range of 250~550°C and co-digestion of SS-PL with cow dung (CD) were studied.
Firstly, SS-PL produced at 250°C~550°C were inoculated to verify whether they can be digested. The results showed that
SS-PL would produce some biogas; and the SS-PL produced at 350°C (PL350) had the highest biogas yield; but for all of
the SS-PLs their biogas yields are very little. Therefore, SS-PL produced at 250°C(PL250) was adopted as an example to
mix with CD by different mass ratio (5/80, 10/80, 15/80; g/g) for co-digestion at (55+1)°C; and it has been found that
PL250 inhibited the anaerobic digestion of CD; the higher the PL250/CD mass ratio, the more serious the inhibitory effect
was. Then in the next step, SS-PLs produced at four different pyrolysis temperatures (PL250, PL350, PL450 and PL550)
were mixed with CD respectively by ratio of 5/80 and subjected to anaerobic digestion under 55+1°C to check the
influence of pyrolysis temperature. The results showed that the biogas generation from the mixture of PL350 and CD was
the highest (116.42mL/g VS), it was even higher than that of the controlled group (CD alone), which was 110.36mL/g VS,
the followed sequences are mixtures added with PL550, PL450 and PL250 respectively. In addition, the total volatile fatty
acid (TVFA) in the mixture group of PL550/CD was the highest in the beginning (1528mg/L), but reduced to 254mg/L
after digestion, proving that the organic matter in SS-PLs was effectively decomposed. Generally SS-PL produced at an
appropriate temperature can be co-digested with CD at a suitable blending ratio, providing a new alternative for its
disposal and energy recovery.
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Table 1 Properties of sewage sludge for pyrolysis

Tk AT, wi(%) TEER I BT, WH(%)
Koy RS Koy BERE  C H O NS
8.84 3670 6042 2.87 1236 248 20.56 1.89 2.28
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Table 2 Properties of all materials used in anaerobic digestion
BRSSP o et xhel A R P P
PL250 PL350 PL450 PL550
TS(%) 21.83 2.47 24.87 - - - -
VS (%) 85.08 99.99 2227 - - - -
COD(mg/L) 15360(mg/kg) 2720 5381 21280 14080 10240 19200
pH {8 7.14 7.40 6.96 9.21 9.64 9.60 9.37
TOC 36.64 37.44 36.88 78.84 79.39 75.56 80.18
TN 1.56 6.71 3.09 337 2.56 437 237
C/N (%) 23.49 5.58 11.94 2339 31.08 17.28 33.83
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A DRAR R TR I S0 575 = L RIF S8 AR [RIVRLIE R 1

FRV G A AT 8 HOTR A ER ) R DR AR I
P BF 5 AR P TR A DR AR R T 11 552 i) 4t i
B0 INEEFI 300, AR S A e 1R IR o
h ST R EIN A= FEUN Ik 80g, VAR KIS
IR SEIO A T B SN R A, R 34438
PR 3R 7 SO ARAE i 2.0MNBEAT I
Lo F/T J& 561 I JsURH 5 BP0 ae 15 R 1k
Sl (g VS)Z He T R (1),

#3 ZRITRKI
Table 3 Experimental design for the test

T BRI () ARW(2): 3 (2) (I ) F/I C/N* STATHE

BC-0 300 0:0 - 5.58 3

. PL250 300 5:0 - 12.76 3
SCEG T

) PL350 300 5:0 - 15.86 3
(55°C)

PL450 300 5:0 - 10.30 3

PL550 300 5:0 - 16.97 3

BC 300 0:80 2.0 11.94 3

SEI I PL250-5 300 5:80 2.0 13.98 3

(55°C) PL250-10 300 10:80 2.0 15.40 3

PL250-15 300 15:80 2.0 16.45 3

BC 300 0:80 2.0 11.94 3

PL250-5 300 5:80 2.0 13.98 3
SIS T

) PL350-5 300 5:80 2.0 14.65 3
(55°C)

PL450-5 300 5:80 2.0 13.21 3

PL550-5 300 5:80 2.0 14.84 3

FE AR A A2 FIC/NZ R CAINIK 25 MR SCHR 15110V 5577045 1.
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Fig.1 Schematic diagram of the anaerobic digestion

experiment
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SS—-PLs produced at different pyrolysis temperatures
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Fig.3 Cumulative biogas yield of SS-PL digestion
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Fig.5 The biogas at different pyrolysis temperatures
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2.4 RHERVENRIIR(TVFA) AR

10 RAR R i R PE R TR (TVFA) & 1R
HENSHE &8 ILT R B IRE KBS
RENZ AT TVFA 2 4R, N, IE T TR,
S 1R, 1E DGR N S G, 1 LRI R A S 1R A8 4k,
Hoat CIRAVT TR\ 12 B2t e 5 DRAUK B IR)
FIE 7 SRR SRR R BEAE A T (1)
AL BB N ) (35 8 41 TVFA &g
s R N e MO ER e h NS N
[ # % A5 #43 5 Elbeshbishy 2 H1 Dhar
SRR VEA IS ESARIL B 7(a) P, %
HHUE TVFA J 831~1077mg/L, 5% TVFA N
272~632mg/L,BC 411 PL250-5 41f] TVFA [
BRI SHSCR TS &ET BC 41f1 PL250- 5
Y7L L AR ] 6(b) 1, PL550-5 Al PL450-5
MWLM TVFA & 250w, 700008 1528mg/L Al
1401mg/L, 1M 4% 3 4014146 TVFA ¥ 850mg/L
AT S AL TVFA 1F 254~ 382mg/L 2
A, TVFA [ FRIESBO R IR TVEA &340
S PR S I R R S R K A, R T v
L), JE 8B VEA 1R B2 A FRGE DR VEA
A T W A A A k. T PL550-5 4 A
PL450-5 Z0414f TVFA B 1, 22 N 450°C
I 550°C (AR T B A5 VEA R elr v]
PO AR VEA [R50, e AT TR IS ) DRI B f
BH ¥ U F0 A R LLRE A ) B AL S AR
PL350-5 41fil PL550-5 415 BC 41f)#%¢ TVFA
FRRP, U IX P 11 TVEA $975 31045 3 .

1600
—a— BC
1400 - —e— PL250-5
—a— PL250-10
1200 | —v— PL250-15
2 1000 |
g
= 800
sy
2 600 |
400 |
200 |

0

5 10 15 20 25 30
IF ] (d)

(a) WS I0AS[F] £ AR v (PL250)



2 W W VRIS T SRS R LA PR 641
1600 e SCOD R i # it I IX & HH It ALY
ooy = PL2S0S 5 T Fefi
1200 - —w— PL450-5

- —< PL550-5
31000 | 3500
%o —a— BC
= 800F 3000 | —e— PL250-5
g —a— PL250-10
Z 600 [ 2500 - —y— PL250-15
400 )
%D 2000
200 =
8 1500
0 1 1 1 1 1 1 8
5 10 15 20 25 30 1000 |
A l(d)
(b) IR R T A (S/80) 0or
BT R 0 B TR 1 0 A L T T 0 1 0 s %
Fig.7 Variations of total volatile fatty acids in the system 1) (d)
(a) WIS [F AR (PL250)

2.5 WAL T E(SCOD) AR 1L 3500
8 4% L VAR M A 2 T 4 i (SCOD) i 3000 | o PL250-S
N . N v3e —A— 350-

R A2, 0T WURRE LT SCOD A5 s - s

BATII BRI 8(a)BC 41K SCOD WL T 5 001

il 14d AEFFAEBARACT a4 K PL250-5 2 ol

Y1) SCOD I i HeAS 5L BLRS e rh 2248 N e i 7

S IS AT, AVIEE 2097Tme/L [ 45 L 44 (1) rooor

1696mg/L; 7 %5 6d H Bl % & SCOD ¥k & 00r

1248mg/L.PL250-10 #41{¥] SCOD K& Iy 0 : ' ' ' : '

I BAR I 38 1 PL250-15 4111 SCOD K&
I 2 R KW B, B A 1098mg/L, f 51 A
2560mg/L.IEARE K, 4411 SCOD I 5 4 FF{E
1000~2500mg/L 2 [A]. AN 7] R TR 7 B A5 6)
SCOD [#J3% i Jf- AW fi

Bl 8(b) s A [7) A gt il B 73 380 11 A S 805
RIS SCOD AL AL 1 52 i . & 41 1 9] 4R
SCOD W% 8 K7 7#:PL550-5 411 PL450-5
HHIIEMEL R BC 4R PL350-5 4114 3 1% 5%
22 SCOD W JEALE 1408~1856mg/L . [H). W44t
PF K PL550-5 411 SCOD R JE LIt T
[ )5 e FE RS UE A #PL4S0-5 21 SL IS SUs R
B J A6 — 0 [ N B ()8 45 PL250-5 41
PL350-5 411#] SCOD ¥ 544 S HAE — 5 i [l Y
B B R B A bR R IR TR A R TR
SCOD ks K, % PL350-5 41f#) SCOD
W 5 {1 PL550-5 41 R PL450-5 41X} W [¥)

5 10 15 20 25 30
NI (d)
(b) A AN [ F AL E PO BV IL(5/80)
K8  SCOD Fifi A eI 1] (R A2 Ak A
Fig.8 Variations of soluble chemical oxygen demand in

the system

3 4%it

3.1 250~550°C & = A= (1975 Ve A S W FE T ) e
SEILR AR K%, PL350 AR AL P [ 2 fH A2
(%N VREE R TN == ¥ (34

3.2 DL PL250 FAMABA BT T Pl 5 4+ 3
DAAN[R] A5 78 4 ER) IR AU I , i IR et S8 A
VRO A S I DR AR I 7 A2 T A L 2B R
SRR R 38 9 D s B A AR EL 18 )
80 AR A FH 1 5.

3.3 ANFZARRATN 4 BRI 2 2N



642 hE® O

OB 38 &

FEAT) VA Ja DR AR B AT 3K 1 350 °C R [ A
fif i PL350 54 28TR A K BEN =< Mg T2k
F6 M R R e, L AR R I BRI TR
PR % (S PL550-5 41060 B FR14% 4 ME g 7
T2 PR R % i R S e K

3.4 SUE By T 5 AR 2 DU/ LR
B SEI R AR R T b 3, A= R e AT ML
B A DUK A PL3S0 e il 5 - FE SR & IR
AR AL,

S

[1] Fonts I, Azuara M, Gea G, et al. Study of the pyrolysis liquids
obtained from different sewage sludge [J]. Journal of Analytical
and Applied Pyrolysis, 2009,85(1):184-191.

[2] i, 5K R A IR T v K V5 Ve Huidk S8 B ks 1 (D).
FHR 244, 2006,39(6):739-744.

[3] Gascd G Blanco C G, Guerrero F, et al. The influence of organic
matter on sewage sludge pyrolysis [J]. Journal of Analytical and
Applied Pyrolysis, 2005,74(1):413-420.

[4] IR, 08 2, B, 2 i 4 8 P B A A B AR 1 5k
9T ()], EPRER, 2015,35(3):804-810.

[51 i vty BRSZ W R OE R, 85 5 7K V5 PR AR 3 2 B A I FE AL
HWIR [J]. P EIREERF, 1998,18(1):39-42.

[6] 2 HSRATHELES  RKAFIRVE KV e IR (0], T
R AR, 2001,41(10):90-92.

[71 Kim Y, Parker W. A technical and economic evaluation of the
pyrolysis of sewage sludge for the production of bio—oil [J].
Bioresource Technology, 2008,99(5):1409-1416.

[8] Mohan D, Pittman C U, Steele P H. Pyrolysis of wood/biomass
for bio—oil: a critical review [J]. Energy & Fuels, 2006,20(3):
848-889.

[9] Cordella M, Torri C, Adamiano A, et al. Bio—oils from biomass
slow pyrolysis: a chemical and toxicological screening [J].
Journal of Hazardous Materials, 2012,231:26-35.

[10] Torri C, Fabbri D. Biochar enables anaerobic digestion of

aqueous phase from intermediate pyrolysis of biomass [J].

Bioresource Technology, 2014,172:335-341.

Willner T, Scherer P, Meier D, et al.

[11] Vergédrung von
flash-pyrolysedl aus holz zu biogas [J]. Chemie Ingenieur Technik,
2004,76(6):838-842.

[12] Hubner T, Mumme J. Integration of pyrolysis and anaerobic

digestion—use of aqueous liquor from digestate pyrolysis for

biogas production [J]. Bioresource Technology, 2015,183:86-92.
[13] Fabbri D, Torri C. Linking pyrolysis and anaerobic digestion
(Py-AD) for the conversion of lignocellulosic biomass [J].
Current Opinion in Biotechnology, 2016,38:167-173.
Bueno I C S, Cabral Filho S L S, Gobbo S P, et al. Influence of
inoculum source in a gas production method [J]. Animal Feed

Science and Technology, 2005,123:95-105.

[14]

[15] Mei Z, Liu X, Huang X, et al. Anaerobic mesophilic codigestion
of rice straw and chicken manure: effects of organic loading rate
on process stability and performance [J]. Applied Biochemistry
and Biotechnology, 2016,179(5):846-862.

[16] Kafle G K, Bhattarai S, Kim S H, et al. Effect of feed to microbe
ratios on anaerobic digestion of chinese cabbage waste under
mesophilic and thermophilic conditions: biogas potential and
kinetic study [J]. Journal of Environmental Management, 2014,
133:293-301.

[17] Kafle G K, Kim S H. Effects of chemical compositions and
ensiling on the biogas productivity and degradation rates of
agricultural and food processing by—products [J]. Bioresource
Technology, 2013,142:553-561.

[18] Zhang C, Xiao G, Peng L, et al. The anaerobic co—digestion of
food waste and cattle manure [J]. Bioresource Technology, 2013,
129:170-176.

[19] Cavinato C, Fatone F, Bolzonella D, et al. Thermophilic anaerobic
co—digestion of cattle manure with agro-wastes and energy crops:
comparison of pilot and full scale experiences [J]. Bioresource
Technology, 2010,101(2):545-550.

[20] Yu G, Feng Y, Chen D, et al. In situ reforming of the volatile by
char during sewage sludge pyrolysis [J]. Energy & Fuels, 2016.
[21] Zhang C, Xiao G, Peng L, et al. The anaerobic co—digestion of
food waste and cattle manure [J]. Bioresource Technology, 2013,
129:170-176.

[22] Elbeshbishy E, Nakhla G. Batch anaerobic co-digestion of
proteins and carbonydrates [J]. Bioresource Technology, 2012,
116:170-178.

[23] Mao C, Feng Y, Wang X, et al. Review on research achievements
of biogas Renewable and

Sustainable Energy Reviews, 2015,45:540-555.

from anaerobic digestion [J].
[24] Dhar H, Kumar P, Kumar S, et al. Effect of organic loading rate
during anaerobic digestion of municipal

Bioresource Technology, 2016,217:56-61.

solid waste [J].

TEBEIN: B (1991-), 2, il iz AL IH 5 RS HUbk 5 kv T
TR BRI LR 5 2L, L TR 57 ) S R i 8 e e A



